The modification of a procedure originally developed for the analysis of ethylene glycol (EG) in serum was also found to permit the simultaneous analysis of gamma-hydroxybutyrate (GHB) in whole blood. The primary feature of the EG procedure was that it employed a water scavenger, 2,2-dimethoxypropane, which reacted with water to produce volatile methanol. Water scavenging is a technique that could be adapted for the analysis of drugs such as GHB as their respective di-t-butyldimethylsilyl derivatives. A close structural analogue of GHB, 2-hydroxy-3-methylbutyric acid, was successfully employed as the internal standard for both EG and GHB. The advantages of the modified procedure are that it is very quick and easy to perform and produces remarkably clean extracts for GHB, especially when compared to other liquid-liquid techniques. We have successfully applied this technique for the analysis of GHB and EG in several postmortem and driving-underthe-influence cases. There is an apparently wide variability between levels of GHB that can be associated with impairment versus those levels that can be associated with death.
Introduction
A simple and convenient procedure for the analysis of ethylene glycol (EG) in serum using a water scavenging technique has been described by Porter et al. (1) . This technique involved the use of a water scavenging material such as dimethoxypropane (DMP) followed by analysis of the di-tbutyldimethylsilyl derivative (di-t-BDMS). Such analytical techniques appeared to be also useful towards the analysis of certain acidic drugs, particularly the frequently encountered analyte, gamma-hydroxybutyrate (GHB). Forensically, the need to analyze for EG is rare, but requests for GHB analysis are ever increasing.
This EG procedure was developed primarily for serum and consequently some modifications were necessary for application to the analysis of whole blood. Whereas serum usually affords very clean extracts, it is a specimen type rarely encountered * Author to whom correspondence should be addressed. E-mail hortonm@earthlink.net.
among forensic toxicology samples where hemolyzed blood samples are the norm.
In our hands and also as previously determined (1), the use of EG-d4 as the internal standard was not found generally conducive to the analysis of EG. This was because the M-57 ion restricts the analysis for the internal standard to essentially only one ion, rn/z 237. The deuterated analogue of GHB, GHB-d6, was unsuitable as the di-t-BDMS derivative, but it has been used with apparent success as the di-TMS derivative after solid-phase extraction (SPE) (2) . The advantage of the di-t-BDMS derivative of GHB is that it offers a relatively small but highly diagnostic 317 ion. A disadvantage is that the one marginally useful ion that would be afforded by the deuterated analogue of GHB, m/z 281, is also found to be a co-eluting ion with GHB. This ion is also often consistent with column bleed.
In the search for another internal standard for both EG and GHB, a compound similar in structure, 2-hydroxy-3-rnethylbutyric acid (Figure 1 ), was employed. Thus, we report here a procedure for the simultaneous analysis of EG and GHB in whole blood using a compound structurally similar to GHB as the internal standard.
The toxicological effects of EG are described by Porter et al. (1) , as are the history and analysis of GHB by Couper and Logan (3) . The procedure employs a water scavenging technique in that DMP is allowed to react with any residual water to produce methanol (1). The procedure also uses N,N-dimethylformamide (DMF) to "trap" the EG, a step that we found to be unnecessary.
The analysis of GHB typically involves the extraction of acidified blood with an organic solvent such as ethyl acetate with no clean-up steps involved and evaporation of the solvent to dryness (3). Although such analytical procedures are very easy to perform, they have not provided acceptably clean extracts when extracting whole blood in our experience. However, using the water scavenger technique, extracts for both EG and GHB afforded relatively clean, uncolored extracts when compared to other liquid-liquid extraction techniques for GHB. This technique is less labor intensive than SPE techniques, although our procedure does employ a heating step for the derivative before analysis. The primary interferant observed with this procedure is urea, which occasionally interferes with analyses for GHB in urine and may be unavoidable in any commonly used technique.
Materials and Methods

Instrumentation
Analyses were performed on an Agilent Technologies (Palo Alto, CA) model 5890 series II plus gas chromatograph (GC) equipped with an HP-5 MS capillary column (25-m x 0.25-ram i.d., 0.25-1~m film thickness) coupled to a model 5973 mass selective detector (MSD) using the scan mode. Operating conditions were as follows: injector temperature, 250~ source temperature, 230~ initial oven temperature, 80~ (1 min); temperature program, 20~
to 285~ (5 rain); and pressure programmed to maintain a constant carrier gas (helium) at a flow of 1. 
Ethylene glycol
N-methyltrifluoroacetamide (MTBSTFA), were purchased from Aldrich (Milwaukee, WI). Also purchased from Aldrich were the internal standard, 2-hydroxy-3-methylbutyric acid; the water scavenging reagent, 2,2-dimethoxypropane (DMP); and N,N-dimethylformamide (DMF). Glacial acetic acid, acetonitrile, and ethyl acetate were purchased from Fisher Scientific (Pittsburgh, PA).
Calibrators for EG were prepared typically at concentrations of 100, 200, 400, 600, 800, and 1000 rag/L, and GHB calibrators were prepared at 50, 100, 200, 300, 400, and 500 mg/L. The internal standard was prepared in glacial acetic acid/acetonitrile (1:10, v/v) at a concentration of 240 mg/L. All assays included a negative control and an in-house prepared positive control (200 mg/L for GHB and 400 mg/L for EG) to equal at least 20% of the batch. All positive controls had to be within + 20% of the established mean for acceptability.
Procedure
To appropriately labeled test tubes, 100 I~L of the sample (blood and/or urine calibrators, controls, unknowns) was added, followed by 80 IJL of DI water, 100 I~L of internal standard, and 200 IJL of acetonitrile. The tubes were vortex mixed for approximately 20 s followed by centrifugation for 5 min. A 150-1JL aliquot of the supernatant was then transferred to a clean test tube. Note that if EG is being analyzed, no more than 100 IJL of the supernatant is transferred. Five-hundred microliters of DMP/DMF (80:20) reagent was added to each tube, and the tubes were centrifuged for 10 min. The clear supernatant was transferred to a clean test tube and evaporated to dryness at 60~ To each tube, 50 IJL of MTBSTFA and 50 IJL of ethyl acetate were added, and the tubes were vortex mixed. The contents of each tube were immediately transferred to an autosampling vial, which was then placed inside a test tube and placed in a Turbo-Vap. Depending on the analyte, the incubation times for the tubes were slightly different. Any tubes containing GHB were heated at 70~ for a total of I h, and those containing EG were heated at the same temperature for only 0.5 h. From the vials, 1 IJL of each calibrator, control, and unknown was injected onto the GC-MS. 
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Figure 3 . Typical standard curve for gamma-hydroxybutyrate (GHB).
Validation and limit of reporting
Analyzing samples believed to be negative for GHB served to validate the procedure. This was accomplished using blood samples from 17 living individuals with the requirement that each sample must have alcohol levels greater than 0.30 g%. The theory was that this level of alcohol combined with any significant amount of GHB would most likely be lethal. Thus, 17 blood samples having blood-alcohol concentrations ranging from 0.31 to 0.42 g% ethyl alcohol were analyzed for GHB. No instance of GHB at a level greater than 4 mg/L was found, although high amounts of ethanol possibly suppressing endogenous GHB levels was a con-sideration. Therefore, the limit of reporting (LOR) was administratively set to 10 mg/L for a living individual. Conversely, the analysis of postmortem cases (n = 8) previously analyzed by another method for GHB was re-analyzed using this method. All positive cases were found to be in agreement with the new method; however, endogenous GHB was found to be as high as 25 mg/L in some of the negative postmortem cases, which is consistent with the 25 mg/L average GHB concentration found by others in fluoride-preserved, refrigerated postmortem blood specimens (4-6). Thus, the LOR for postmortem cases for GHB was set administratively to 50 mg/L.
Results
~pical standard curves are shown in Figures 2 and 3 for EG and GHB, respectively. The mass spectrum for the di-tertbutyldimethylsilyl derivative of GHB is presented in Figure 4 . As is typical with this type of derivatized analyte, there is a loss of M-57 ion such that the highest mass ion is m/z 317. Because this ion has relatively low abundance, it was not ordinarily used as the quantitation ion, and consequently the more intense 275 ion was selected as the quantitation ion. Despite the relatively low intensity of the 317 ion, it is nevertheless highly diagnostic for the presence of GHB and gave essentially the same quantitative results as when the 275 ion was used as the quantitation ion. The M-57 for EG gives a high mass ion ofm/z 233, which is of sufficient intensity to reliably use as the quantitation ion.
Absolute recoveries were not determined, but the use of DMF as a "trapping" solvent in the method of Porter et al. (1) to maximize the recovery of EG or GHB appeared to make little or no difference. The boiling point of DMF is sufficiently high that samples can be concentrated without the fear of losing ex-
no significant loss of analyte was observed. Nevertheless, we did find it useful to retain DMF in the procedure because it helped to prevent extracts from evaporating too quickly.
Case Histories
The following are two EG and six GHB cases submitted to the Georgia Bureau of Investigation, Division of Forensic Sciences for analysis.
FG case 1
A 18-year-old male arrived at the hospital emergency room unresponsive and in full kidney failure; he was placed on dialysis. It was then learned that the victim had been drinking the contents of a medicine bottle in his possession. A friend stated that the victim had been invited to partake of some Absolut vodka that had been left at the friend's house after a cookout a month previously. The victim was observed to consume approximately one cupful of the liquid in the vodka bottle, then mix some of the liquid with a "blue juice" and store the mixture in a plastic medicine bottle. The victim had apparently drunk most of the contents of the plastic bottle. The remaining liquid was transported to the laboratory for analysis; it was found to be negative for ethyl alcohol, but positive for EG. Because the contents of the bottle appeared to be either all or nearly all EG, no attempt was made to quantitate the amount.
EG case 2
A woman was apparently distraught that her out-of-work husband had to pay child support to his former wife for their three children. In an attempt to gain custody of the children, the woman allegedly gained entry to their house and spiked the children's medications with EG. The woman then notified police that the mother was mistreating the children because she believed that they were being somehow poisoned by their medications. Because the woman had a history of making such false claims, suspicious police officers brought in the medications (Equate| acetaminophen, Sudafed | Cough and Cold Remedy, and CVS-brand cold syrup containing pseudoephedrine and chlorpheniramine) for analysis. Fortunately, the children had not ingested any of the altered medications. The acetaminophen bottle was subsequently found to contain 278 mg/L of EG, and the CVS medication bottle contained 92 mg/L EG. The Sudafed bottle, however, contained so much EG that no attempt to quantitate the amount was made. Comparison with the same medications purchased from a local pharmacy showed that the inactive ingredients of the medications, propylene glycol and polyethylene glycol, did not in any way interfere with the analysis of EG.
GHB case 1
A witness reported a woman who was observed weaving from the shoulder to the middle of the road and had apparently fallen asleep at a red light. The 24-year-old woman was then stopped by police officers for suspected drunk driving. She paid no attention to the siren and was stopped by police officers pulling their car in front of her car. Standard field sobriety tests were conducted with the following results: 6 clues from HGN test, 6 clues from Walk-and-Turn, and 4 clues from OneLeg Stand. A bottle of"Blue Nitro" was found in her car, and she stated that she had taken two "capfuls" earlier. The woman did not know where she was or how she had gotten there. Analysis of blood and urine specimens taken approximately 1 h later showed the presence of 16 mg/L GHB in the blood and 800 mg/L in the urine.
GHB case 2
Police officers noticed a vehicle that weaved excessively and then came to complete stop at a new but non-functioning traffic light. When the vehicle started moving again, the driver would alternately speed up and slow down. The 28-year-old male was stopped by police officers for suspected drunk driving. The individual, who claimed he had not been drinking, was asked to perform the standard field sobriety tests with the following results: 4 clues from HGN, 5 clues from the Walk-andTurn, and 4 clues from the One-Leg Stand. The man said he had been taking "Renewtrient" and had 2 "capfuls" approximately 45 rain earlier. Analysis showed 24 mg/L GHB in the blood and 410 mg/L in the urine.
GHB case 3
A concerned citizen called police and stated that he had observed a driver weaving from side to side and then coming to a complete stop in the middle of the road for no apparent reason. When police officers first observed the driver, he was stopped at a traffic light that had turned green. Upon looking inside the vehicle, officers observed the driver to be slumped over the wheel, apparently asleep. When he was asked to step outside the car, the 34-year-old man appeared to be very unsteady on his feet and was swaying. He was also unable to provide lucid answers to any questions posed by police officers, except he did admit to taking a GHB product called Georgia Home Boy. Analysis of the suspect's blood sample showed 104 mg/L of GHB.
GHB case 4
A 36-year-old male who had been drinking with friends was brought home in the back of pick-up truck in a presumed passed-out condition. The individual had allegedly fallen asleep after drinking 4-5 beers after dinner. He was awakened and asked if he wanted to go home, at which time the individual was placed in the back of the truck and began to vomit. Shortly after being taken home, he was observed to be unresponsive and was taken to the hospital, where he was pronounced dead a short time later. Analysis of his blood showed a GHB level of 174 mg/L and less than 0.02 g% of alcohol. There was no prior history of the victim having consumed GHB.
GHB case 5
A 27-year-old female ran her car into the back of a DUI (driving-under-the-influence) Task Force officer's vehicle with all emergency lights operational parked on the roadside. The ofricer was involved in the investigation of another DUI at the time, but ran to the crash scene to observe the woman who was relatively uninjured and unable to stay awake. During the subsequent investigation, the young woman was alternately falling asleep and crying. Her speech was described as very slurred. No field sobriety test was conducted. Analysis of the blood showed the presence of GHB at a concentration of 80 mg/L. Other drugs found in the blood were diazepam (0.14 rag/L) and nordiazepam (0.31 rag/L).
GHB case 6
A 28-year-old female was observed by police officers stopped in the middle of the roadway. The woman was not able to respond to officer's questions and often repeated such phrases as "What's going on?" and "I don't understand". When asked for her license and registration, she looked through her purse in a manner that suggested to police officers that she had immediately forgotten what she was looking for. The suspect stumbled aimlessly when trying to walk, and when sitting, she would continually fight falling sleep by jerking herself awake. Officers suspended any field sobriety tests because of safety concerns. Analysis of the blood sample taken a short time later showed GHB at a concentration of 350 mg/L.
Discussion of GHB Cases
Weaving, falling asleep at a red light, and/or stopping in the middle of the road appears to be a commonly observed thread among GHB-intoxicated drivers. It is noted that GHB case I exhibited a blood level considerably lower than has been generally reported in the literature for GHB intoxicated drivers (3, 7, 8) ; however, the incident report for this case did not indicate that there was any inordinate delay in obtaining a blood sample from the suspect. It has been our experience with GHB-intoxicated drivers that there exists a wide range of levels found in the blood that can be associated with impairment. The range of levels reported herein show levels ranging from 16 to 350 mg/L all exhibiting similar degrees of impairment. This suggests a wide individual variability between dose and effects rendering it unlikely that there can be a definitive blood level of GHB considered sufficient for intoxication. We have also observed that there is great variability with GHB levels found in death cases as well. For example, in GHB case 6, a DUI case with a blood level of 350 rag/L, far exceeds our GHB death case (GHB Case 4) with a concentration of 174 mg/L GHB (with a 0.02 g% alcohol level). Couper and Logan (3), for example, reported a DUI case involving GHB at concentration of 130 rag/L, whereas six deaths due to GHB have been reported lower concentrations: 27-121 mg/L (5,9,10). This further suggests that there is no clear-cut delineation between levels considered sufficient for death and those levels considered sufficient for impairment and/or intoxication.
The one postmortem GHB case described herein and other postmortem cases we have reported (11) show that urine is a highly useful adjunct for the analysis and reporting of GHB. We have found that urine contains very little endogenous GHB in both postmortem and living individuals, which is an observation consistent with the reports of others (5, 12) . Our experiences with postmortem GHB cases have shown that urine is a highly useful specimen for identification of exogenous GHB for both death cases and DUI cases. In our experience, GHB levels in urine are usually at a 10-fold greater concentration than those found in blood. Therefore, we prefer to show the presence of GHB in urine, when available, before concluding that the victim consumed GHB. The analysis of GHB in urine specimens is also of importance in rape cases where the blood sample may not be collected until many hours later. Nevertheless, even with positive urine results for GHB, there is no assurance that GHB found in the blood of death cases at levels below 50 mg/L is not in some small part due to endogenous formation. Therefore, we have elected not to report GHB in the blood of death cases below our present limit of report of 50 mg/L, even when the urine is positive for GHB.
Conclusions
A method that was originally intended for the analysis of EG was modified such that it permits the analysis of EG and GHB. The advantage of the procedure is that it provides relatively clean extracts for GHB, especially when compared to other liquid-liquid procedures. Two cases involving EG and six cases involving the use of GHB with discussion of the GHB results were presented. In addition, initial data have shown that this method has potential to analyze for other acidic drugs (e.g., ibuprofen, salicylates, acetaminophen, and naproxen) and will be subject to further investigation.
